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AFRODYNAMIC mmmcs OF A TWO-BLADE
NACA 10-(3)(12)-03 PROPELLER

By W. E. Gray and A. E. Allis
SUMMARY

Full-scale tests of the WACA 10-(3)(12)-03 propeller have been
conducted in the Langley 16-foot high-speed tunnel. The propeller
was tested at blade angles from 20° to 55° on & 2000-horsepower
dynsmometer through as great an advance-ratio range as the sgquipment
permitted, from about 0.60 to 3.6.

A maximum efficlency of 0.91 was attained at a constant rotationel
speed of 1140 revolutions per minute. Peek efficiency, &t & blede
angle of 45°, was decreased 26 percent by a helical tip Mach number
increase from 0.81 to 1.10.

INTRODUCTION

A serles of blades were designed several years ago by the RACA for
the purpose of conducting a systematic Investigation of the variables
involved in propeller deslign. The variables to be investigated were
camber or design 11ft coefficilent, solidity, airfoll section, and
blede~-thickness ratlo. These blades were designed employing the best
information then avallable, and for each different design the optimum
efficiency was to be obtained at & blade angle of 45° at the 0.7-radius
station. The particuler blade design, the tests of which are described
in the present paper, was one necessary to the lnvestigation of the
effect of differences in blade-thickmess ratilos.

TESTS
Scope
The scope of the tests was dictated by the power and speed limita-
tions of both the wind tunmel and the dynamometer. These tests wers
conducted et constent values of propeller rotational speed, through a

range of blade angles from 20° to 55 , ‘the tunnel speed being varied
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to sult the requlrements of each test. In order to extend the range of
tip speeds for a few tests at the design blade angle of h5°, the tunnel
speed was fixed at predetermined values, and the propeller speed varied
to include as much as possible of the propeller operating regime from
peak efficlency to zero torque. A chart of the program 1s glven as
table I of this paper.

Apparatus

Dynsmometer.- The tests were comducted in the Langley 16-foot high-
gpeed tunnel with the 2000-horsepower propeller dynamometer and relsasted
equipment described 1ln reference 1.

Blades.~ The configuration of the blades tested was a two-blade
propeller having a diameter of 10.05 feet. The propeller blade designa-
tion was NACA 10-(3)(12)-03, signifying blades designed for use on a
propeller with a nominal dlameter of 10 feet and having the following
characteristics at the O0.7-redlus station: a sectlon design 1ift
coefficient of 0.3, a section thickness-chord ratio of 12 percent,
and a blade solidity of 3 percent. Solidity 1s defined as the ratio
of the blade chord to the clrcumference at any specified radius. Ths
blade-form curves for the NACA 10-(3)(12)-03 propeller design are
presented in flgure 1.

Reduction of Data

The values of the thrust coeffliclent presented are based on
corrected values of thrust forces. Corrections were necessary to
cancel the effects of spinmer forces, splnner falring Juncture pres-
sures, and wind-tunnel-wall interference. A detalled description
of the meesurements end methods necessary to the reduction of dats
to propeller forces only may be found in reference 1.

The test results are presented in the form of the usual thrust
and power coefficlente and propeller efficiency. The symbols and
definitions used are as follows:

b blade chord, feet

czd design sectlon 1ift coefficlent

Cp power coefficient (?/pm3D§)

Cop thrust coefficient (T/ on2p™)

D propeller diameter, 10.05 feet

h blade section maximum thickmess, feet

J advencs ratio (V/nD)
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M alr—stream Mach number

Mg helical tip Mach number @\/l + G.‘)E>

n propeller rotational speed, rps :

N propeller rotational speed, rpm

P powsr ebsorbed by prope].ler; foot-pounds per second
r radius to blade element, feet

R propeller tlp radius, feet

T propeller thrust, pounds

v veloclty of advance, feet per second

B blade angle, degrees

1 propeller efficiency C;—i)

Ny indnced efficlency

Mo profile efficiency

p nmass density of alr in free stream, slugs per cublc foot

RESULTS

The aerodynamic results are presented as plo{',s of thrust and power
coefficients and effilciency in filgures 2 to 8. In table I reference may
be made to the figure numbers.

Figure 9 shows the variation of envelope efflclency for five
different test rotational speeds through an advance-ratlo range
from 0.65 to 3.1. Envelope efficiencies of 0.90 or more were attained
at all speeds from 1140 through 1600 rpm. The range of advance ratios
for which the envelope efficiency was 0.90 or greater at 1140 rpm
extended from J =1.34 to J = 2.67. The maximm efficiency attaines.
was 0.913 at 1140 rpm and at J = 2.40. The efficiency envelopes for
the higher rotational speeds, 2000 and 2160 rpm, are much lower then
the envelopes for the lower rotatlonal speeds. At a constant rotational
speed of 2160 rpm & maximum efficiency of 0.727 was attalned at an
advance ratio of 1.10.

Propeller efficliency losses may be separated Into induced losses
and profile-drag losses. The induced efficlency, the efficiency
assuming only induced losses, has been calculated from the charts of
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roference 2, using values of power coefficlent and advance ratio obtained
at a constant rotational speed of 1350 rpm. The lnduced efficiency
envelope for this rotational speed 1s shown in figure 9. The profille

loss for the design condition mey be determined by making the assumption
that ny = n4. This assumption may be shown to be Justified if the design
condition insures minimum induced power loss for the particular power
loading at that condition. Therefore, since

M= NNy
then

2
Tl='ﬂi
At the design blade angle of 45° at 1350 rpm, the point of tangency of
the efficlency curve with the efficiency envelope 1s at J = 2.0. The
value of 13 for this condition from reference 2 is 0.950 which gives
a value of n12, or theoreticel propeller efficiency, of 0.903. For

this same advance ratlo the efficlency as obtained from test data
is 0.90k.

The effects of compressibllity on peak efficiency for a fixed
blade angle of 45° are shown in figure 10. At tip Mach numbers
beyond. 0.810 the adverse effects of compressibility become evident
ag the pesk efficiency drops repldly. For a helical tip Mach mumber
of 1.1 the peak efficiency is only 0.640 as compared to 0.900 at a
helical tip Mach number of 0.810.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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Propeller
Figure Tg;g:i ?£;Z§ Blade angle, B, degress at 0.T5R
2 Vary 1140 25)30 | 35 | w0 [ 45|50 55
3 Vary 1330 20125130 | 35 | 40 | 45 {50
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Figure 3.- Characteristics of NACA 10-(3)(12) -03 propeller at 1350 rpm.
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